Introduction
Juvenile horm one (JH ) activity is a characteristic property of certain organic compounds that can act as insect growth regulators. By analogy with natural JH s, a great variety of terpenoid JII analogues have been synthesized and tested with variable results [1] , Since the biological activity of the JH analogues could not be attributed to any particular substructure but to the shape of the whole molecule [2] , another class of JH analogues having a nonisoprenic struc ture, albeit im portant insect growth regulation ac tivities, have been prepared [3] [4] [5] , Am ong them , various (4-phenoxyphenoxy)-alkyl substituted de rivatives have shown to be most effective as insect growth regulators [5] .
We have recently reported the synthesis and biological activity of several JH analogues featuring isoprenic moieties and carbonate, carbam ate, thiol carbonate, thiolcarbam ate, carbonyloxyimino, and thiolcarbonyloxyimino as functional groups [6] .
In order to test a new type of structure as insect growth regulators, we prepared a series of com pounds bearing carbonate and thiolcarbonate func tions attached to 4-pnenoxypnenoxy-ethyl and 4-phenylphenoxy-ethyl moieties. Com pounds 2 a -b, 3 a -b, 4 a -b, 5 a -b, 6 a -b and 7 a -b were syn thesized following the sequence depicted in Scheme 1, and characterized by their respective IR, *H NM R, 13C N M R, and mass spectra. 
Results

Synthetic procedures
4-Phenoxyphenol (la ) and 4-phenylphenol (lb ) were condensed with 2-(2-chloroethoxy)-tetrahydropyran [7] to afford 2-(4-phenoxyphenoxy)-ethoxytetrahydropyran (2a) and 2-(4-phenoxyphenyl)-ethoxytetrahydropyran (2b), respectively. Acid hydrolysis gave the respective free alcohols, namely, 2-(4-phenoxyphenoxy)-ethanol (3a) and 2-(4-phenoxyphenyl)-ethanol (3b). In separate experiments, 
Biological assays
The Triatoma infestans eggs were taken from labo ratory colonies m aintained at the IN D IECH . The am ount of the employed doses of JH A varies from 0.5 to 1.5 jug in 0.1 ml of acetone. Each dose of JH A was assayed on groups of thirty eggs which were kept at 30 °C and 55-70% r. h. The effect of JH A on the eggs was m easured by their ability to prevent eclosion. A fter six weeks the percentage of hatchability was calculated. Control eggs were treated with 0.3 u\ of acetone. In the control-treated eggs not all of them hatched; corrections were made to allow for this fact. Corrected percentages of hatchability were plotted against dose of JH A and the ID-50 (doses to inhibit eclosion of 50% of the eggs) were calculated for the tested JH A [8] . The results are presented in Table II .
Discussion
Although the structures of the synthetic JH A were not quite different from that of Fenoxycarb (ethyl-2-(4-phenoxyphenoxy)-ethyl-carbamate) (8) , which was tested as a control com pound, the activity values presented in Table II show that none of the new products (2a-7a) present a value comparable to that of Fenoxycarb. The rem arkable structural similarity between Fenoxycarb and com pound 6a, which has an oxygen atom instead of a NH group, and the difference in their respective biological activ ity indicated the im portant role that the nitrogen 
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C om pound Dose of JH analogues that inhibited eclosion of eggs ID-50 (ag) Fenoxycarb* 4.2 ± 0.5 S-Ethyl-[6.10-dimethyl-undeca-5E,9-dien-2(R .S)-yl]-thiolcarbonate** 6.0 ± 1.5 S-Ethyl- [6,10-dimethyl-undeca- 5E.9-dien-2(S)-yl]-thiolcarbonate** 9.8 ± 1.6 2 a 13.5 ± 2.2 2 b >15 4a 9.0 ± 2.5 4b
8.8 ± 1.9 7b >15 Table II . Biological activity of the synthetic JH analogues on Triatoma inf es tans eggs.
* Comm ercial product; ence [6] .
see referatom plays in this case. A better result though lower than the activity of Fenoxycarb was obtained when the synthetic product has a sulfur atom in its molecule as it is in the case of compound 4 a . The activity of compounds 2 b -7 b in which the phenoxyphenoxy group has been replaced by the phenylphenyl one, was much lower than that of the control com pound; this result could be attributed to the different molecular shape of these products.
E xp erim ental
2-(4-Phen oxyp hen oxy ) -ethy I -tetrahy dropyranyl-ether (2 a)
For general procedures see ref. [6] . To a stirred solution of K O H (4 mmol) in DM SO (5 ml), 4-phenoxyphenol (1 mmol) was added. A fter 5 min, tetrahydropyranyl derivative of ethyl chlorohydrine (2 mmol) was added, and the mixture was stirred overnight at room tem perature. It was poured into w ater (50 ml) and extracted with C H 2C12 (3x30 ml). The organic phase was washed with a saturated NaCl solution and dried over M g S 0 4. Removal of the sol vent afforded a residue that was purified by column chrom atography (silica gel, hexane -E tO A c 8:2) yielding 2 a in 71% yield. IR (film) (cm !): 2950, 1580, 1470, 1200, 1000. 'H NM R (CDC13): 6H , [3] [4] 6H , 3.68 (t, / = 4 Hz, 1 H , 9 H , arom atic protons) . ljC NM R (see Table I ). MS (m /z, %): 314 (M +, 78), 230 (65), 186 (72), 185 (72), 85 (82) , 77 (100).
2-(4-Phenylphenoxy)-ethyl-tetrahy dropyranyl-ether (2 b)
Following a procedure similar to that described for compound 2 a but using 4-phenylphenol, compound 4 Hz, 1H, [6] [7] 9H , aromatic protons) . 13C NM R (see Table I ). MS (m/z, %): 298 (M +, 75), 214 (14), 170 (100), 85 (74).
2-(4-Phenoxyphenoxy)-ethanol (3 a )
Compound 2 a (1 mmol) in M eO H (10 ml) was treated with p-toluensulphonic acid (1 M in CH 2C12) (1 ml) and stirred overnight at room tem perature. The M eO H was removed and the residue taken in CH 2C12 (30 ml). The solution was washed with sa turated NaCl solution and dried (M gS 04). E vapora tion of the solvent gave a residue that was purified by column chromatography (silica gel, hexane-EtO A c 9:1) affording 3 a of m .p. 65-66 °C (E tO H -H 20 ) in 95% yield. IR (Nujol) (cm -1): 3060, 1570, 1470, 1220. 'H NMR (CDC13): (3 4 .0 5 -4 .2 0 (m, 4 H , H -l, H-2), 6.82-7.40 (m, 9 H , aromatic protons) . 13C NMR (see Table I ). MS {m/z, %): 230 (M +, 100), 186 (67), 109 (53), 84 (91), 77 (89), 45 (13).
2-(4-Phenylphenoxy)-ethanol (3 b )
Compound 2 b (1 mmol) was treated with as indi cated for the preparation of compound 3 a . In this case, com pound 3b was obtained in 89% yield. M. p. 137-138 °C (E tO H ). IR (Nujol) (cm -1): 3350, 2950, 1440, 1240. ]H NM R (CDC13): 6 4 .0 5 -4 .1 5 (m, 4H , H -l, H-2), 6 .9 5 -7 .5 9 (m, 9H , aromatic protons) . 13C N M R (see Table I ). MS {m lz, %): 214 (M +, 100), 170 (89), 169 (65), 153 (62), 45 (55).
Preparation o f carbonate and thiolcarbonate derivatives; general procedure
The alcohol (3a or 3b) (0.5 mmol) was dissolved in pyridine (3 ml) and treated dropwise with 0.5 ml of ethyl chlorothioform ate or methyl, ethyl or isobu tyl chloroform ate and stirred at room tem perature for 14 h. A fter addition of CH 2C12 (30 ml) the solu tion was washed with 10% HC1 (3x15 ml), with sa turated N a C 0 3H solution (2x15 m l), and with H 20 (2x15 ml), and dried (M gS 04). The residue obtai ned for evaporation of the solvent was purified by column chrom atography (silica gel, solvent indicated in each case).
